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Surgical management of complete diaphyseal third metacarpal
and metatarsal bone fractures: Clinical outcome in 10 mature
horses and 11 foals
Abstract
Reasons for performing study: Osteosynthesis of third metacarpal (McIII) and third metatarsal (MtIII)
bone fractures in horses is a surgical challenge and complications surrounding the repair are common.
Retrospective studies evaluating surgical repair, complications and outcome are necessary to increase
knowledge and improve success of long bone fracture repair in the horse. Objectives: To evaluate
clinical findings, surgical repair, post operative complications and outcome of 10 mature horses and 11
foals with McIII or MtIII fractures that were treated with open reduction and internal fixation (ORIF).
Methods: Medical records were reviewed and follow-up information obtained by means of radiographs
and/or telephone questionnaire. Results: Survival was achieved in 62% of the horses (3 mature/10 foals).
On long-term evaluation (>6 months) 11 horses (2 mature/9 foals) were fit for their intended activity,
one mature horse had a chronic low grade lameness, and one foal was lost to follow-up because it was
sold. The main fracture types were simple transverse (33.3%) or simple oblique (28.6%) and 71.4% of
the fractures were open, 3 Type I (one mature/2 foals) and 12 type II (7 mature/5 foals). The
preoperative assessment revealed inadequate emergency treatment in 10 horses (5 mature/5 foals;
47.6%). Survival rate of horses with open fractures was 12.5% (1/8) in mature and 85.7% (6/7) in foals.
Post operative incisional infection (4 mature, 3 foals) was only managed successfully in 2 foals. Fracture
instability related to inadequate fracture fixation technique occurred in 4 horses (all mature) and was
always associated with unsuccessful outcome. Conclusions: Age, bodyweight and infection are strongly
associated with outcome in treatment of complete McIII/MtIII fractures. Clinical relevance: Rigid
fixation using plates and screws can be successful in treatment of closed or open, complete diaphyseal
McIII/MtIII fractures in mature horses and foals. Instable fixation, infection and a bodyweight >320 kg
are major risk factors for unsuccessful outcome.
Summary
Reasons for performing study: Osteosynthesis of third
metacarpal (McIII) and third metatarsal (MtIII) bone
fractures in horses is a surgical challenge and complications
surrounding the repair are common. Retrospective studies
evaluating surgical repair, complications and outcome are
necessary to increase knowledge and improve success of long
bone fracture repair in the horse.
Objectives: To evaluate clinical findings, surgical repair, post
operative complications and outcome of 10 mature horses
and 11 foals with McIII or MtIII fractures that were treated
with open reduction and internal fixation (ORIF). 
Methods: Medical records were reviewed and follow-up
information obtained by means of radiographs and/or
telephone questionnaire. 
Results: Survival was achieved in 62% of the horses 
(3 mature/10 foals). On long-term evaluation (>6 months) 
11 horses (2 mature/9 foals) were fit for their intended activity,
one mature horse had a chronic low grade lameness, and 
one foal was lost to follow-up because it was sold. The main
fracture types were simple transverse (33.3%) or simple
oblique (28.6%) and 71.4% of the fractures were open, 
3 Type I (one mature/2 foals) and 12 type II (7 mature/5 foals).
The preoperative assessment revealed inadequate emergency
treatment in 10 horses (5 mature/5 foals; 47.6%). Survival
rate of horses with open fractures was 12.5% (1/8) in mature
and 85.7% (6/7) in foals. Post operative incisional infection 
(4 mature, 3 foals) was only managed successfully in 2 foals.
Fracture instability related to inadequate fracture fixation
technique occurred in 4 horses (all mature) and was always
associated with unsuccessful outcome. 
Conclusions: Age, bodyweight and infection are strongly
associated with outcome in treatment of complete
McIII/MtIII fractures. 
Clinical relevance: Rigid fixation using plates and screws can
be successful in treatment of closed or open, complete
diaphyseal McIII/MtIII fractures in mature horses and foals.
Instable fixation, infection and a bodyweight >320 kg are
major risk factors for unsuccessful outcome.
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Introduction
Complete fractures of the third metacarpal (McIII) and third
metatarsal bones (MtIII) are not common, but occur in all types of
horses. They account for approximately one third of all long bone
fractures in the horse (Allen and White 1987; McClure et al. 1998).
Simple fractures, mostly related to external trauma, occur more
commonly in foals (Schneider and Jackman 1996), whereas in
mature horses they are often attributable to high energy injuries
and can result in severe comminution.
Open reduction and internal fixation (ORIF) involving
anatomical reconstruction of the bone with 2 dynamic compression
plates (DCPs) or with limited contact dynamic compression plates
(LC-DCP) placed at 90º currently represents the most common
treatment method of McIII/MtIII fractures resulting in shortening
the fracture repair phase and minimising post operative disability
(Turner et al. 1976; Bramlage 1983; Orsini and Nunamaker 1988;
Cassotis et al. 1997). Extensive tests comparing the LC-DCP with
the conventional DCP revealed equal bending stiffness, but the
design of the LC-DCP provided increased resistance to cyclic
failure compared with the DCP (Auer 2006). A recent advance has
been the development of locked internal fixators, such as, PC-Fix
(point contact fixator)1 or LCP (locking compression plate)1.
These fixed angle fixators allow the plate to be placed without
compression against the bone and provide better stability because
the screws are locked in the plate (Auer 2006; Levine and
Richardson 2007). The LCP system combines the conventional
compression plating and internal fixator due to the unique combi-
hole that allows placement of either a conventional cortical screw
or a locking screw in each hole. In vitro biomechanical testing
comparing LCP and DCP revealed that LCP was superior because
of the high yield strength, high stiffness under high-load
application and the minimal movement at the fracture site (Florin
et al. 2005).
External skeletal fixation techniques have been used to treat
McIII/MtIII fractures alone or in addition to internal fixation
(Németh and Back 1991; Lescun et al. 2007). Indications for
external skeletal fixation techniques are highly comminuted, open
fractures that are not amenable to internal fixation and fractures
with considerable soft tissue trauma. 
*Author to whom correspondence should be addressed.
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Although complete McIII/MtIII fractures can be surgically
repaired, overload failure of the contralateral limb such as angular
limb deformities in foals and laminitis in adult horses can develop
(Bramlage 1983). McIII/MtIII fractures are mainly open at the
time of referral because the minimal soft tissue covering is often
traumatised by external injury or by bone fragments penetrating
the skin (Orsini and Nunamaker 1988; Schneider and Jackman
1996; McClure et al. 1998). Since the diaphysis of McIII/MtIII
contain a thick, dense cortex with poor blood supply they are very
vulnerable to infection and there is a relatively high risk of
complications including pathological bone reaction (osteomyelitis,
sequestrum formation, bone lysis, delayed or nonunion) as well as
loosening of implants and loss of fixation (Bramlage 1983). 
There are a number of studies characterising fractures of
McIII/MtIII condyles (Zekas et al. 1999a,b; Beinlich et al. 2002)
and dorsal cortical fractures (Cervantes et al. 1992; Hanie et al.
1992; Dallap et al. 1999). ORIF for complete diaphyseal
McIII/MtIII fractures in the horse has been described in multiple
case reports (Orsini and Nunamaker 1988; Easter et al. 1994;
Herthel et al. 1996; Cassotis et al. 1997); however, there are only 
2 retrospective studies evaluating complications and outcome of
these fractures (McClure et al. 1998; Beinlich and Bramlage 2002). 
The objective of this study was to evaluate clinical findings,
complications and outcome of horses and foals with complete
McIII or MtIII fractures. It was hypothesised that outcome is
associated with emergency management, fracture configuration,
age and bodyweight of the case. 
Materials and methods
The study included medical records and radiographs of mature
horses and foals with complete diaphyseal McIII/MtIII fractures
that were treated surgically at the Vetsuisse-Faculty, University of
Zürich from 1992–2005. Horses age <12 months at the time of
hospital admission were considered as foals, others as mature. 
Medical records were reviewed for subject details,
bodyweight, limb affected, cause of fracture, and time from injury
to fracture fixation. The emergency management prior to
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admission was classified as inadequate (no or insufficient external
coaptation for the transport), adequate full limb cast or splint
bandage, but no analgesia and antimicrobial drugs or excellent
(full limb cast or splint bandage and analgesia and antimicrobial
drugs administered). Status of the fracture at hospital admission
was reviewed regarding degree of soft tissue swelling (mild: not
visible on x-rays; moderate: <5 mm swelling visible on x-rays;
severe: >5 mm swelling visible on x-ray), skin condition (closed;
open type I = open fracture with skin laceration <1 cm, open type
II = open fracture with large skin laceration but little actual tissue
loss, open type III = extensive laceration, massive skin defects and
gross contamination; Nixon 1996) and fracture configuration.
Based on 2 orthogonal radiographic projections the fractures
were classified as simple (transverse or oblique), comminuted,
butterfly (subtype of a comminuted fracture with a large ‘wing-of-
butterfly-like’ fragment between the 2 main fractures), greenstick
fractures or others. Additional fissures and fracture displacement
(none to severe) and articular vs. nonarticular were recorded.
Anaesthetic protocol, recovery from anaesthesia, surgery time,
type of fracture fixation, additional treatment details (additional
orthopaedic fixation used for treatment, duration of full limb cast
and/or splint bandage, time in a sling, and antimicrobial and anti-
inflammatory management), complications and final outcomes
were recorded on a spreadsheet.
Details of internal fixation (number, type, size and location of
implants) as well as fracture reduction and quality of repair were
evaluated from the first post operative radiographs (dorsopalmar
and lateromedial views). Intraoperative fracture reduction was
categorised on a scale of 1–3 (1: good, 0º angular limb deformity;
2: moderate, 1–5º angular limb deformity; 3: poor, >5º angular
limb deformity). Additional orthopaedic fixation was recorded as
none, external coaptation (full limb cast and splint bandage),
transfixation cast or external skeletal fixator.
Short-term outcome was evaluated on radiographs taken at 
3 time points (12 days, 2 months and 4 months) post operatively.
Fracture healing was considered successful when the fracture lines
were no longer visible on radiographs. The time point of the first
radiographically visible callus formation was noted. Radiographic
TABLE 1: Age, breed, sex and weight of foals and mature horses with complete diaphyseal McIII/MtIII fractures, which were repaired surgically 
Identity Mature/foal Age Sex Breed Use Weight (kg)
1 Mature 9 years g Pony Pleasure 180
2 Mature 10 years f Icelandic Horse Pleasure 320
3 Mature 2 years g Pony Pleasure 130
4* Mature 20 years g Warmblood Pleasure 550
5* Mature 5 years f Freiberger Pleasure 500
6* Mature 12 years f Icelandic Horse Pleasure 350
7* Mature 22 years f Icelandic Horse Pleasure 350
8* Mature 3 years g Warmblood Showjumping 560
9* Mature 4 years f Pony Pleasure 300
10* Mature 2 years f Icelandic Horse Pleasure 210
11 Foal 16 weeks m Freiberger Pleasure 180
12 Foal 2 weeks m Thoroughbred Racing 80
13 Foal 1 week f Quarter Horse Show horse 50
14 Foal 5 weeks m Arabian Endurance 70
15 Foal 1 day m Warmblood Showjumping 22
16 Foal 1 day m Warmblood Showjumping 50
17 Foal 9 weeks m Warmblood Dressage 150
18 Foal 4 days m Thoroughbred Racing 40
19 Foal 19 weeks f Warmblood Showjumping 120
20 Foal 40 weeks m Pony Pleasure 65
21* Foal 3 weeks f Haflinger Pleasure 100
*Unsuccessful outcome (fracture not healed); m = intact male; g = gelding; f = female.
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complications of fracture healing including implant failure (loose,
bent or broken screws), deviation of limb axis (mal-union),
pathological bone reaction (lysis, sequestrum formation or
osteopenia), delayed union or fracture collapses were evaluated
from radiographs and recorded. Complications including
incisional infection and osteomyelitis, nonweightbearing lameness
and laminitis were noted. 
Long-term outcome (>6 months) was evaluated by telephone
questionnaire and if available from medical records and
radiographs. Radiographs were assessed as described in the short-
term follow-up evaluation. Outcomes were categorised as fit for
intended activity, survived but not fit for intended activity, lost to
follow-up, euthanasia.
All information was recorded in an Excel spreadsheet and
descriptive statistics were generated. Numeric data are presented
as median and range. Linear regression was used for numerical
variables such as age or bodyweight and outcome. Chi-squared
analysis or a Fisher exact test (for frequency counts <5 in any cell)
was used to compare survival between specific categorical
variables. A value of P<0.05 was considered significant.
Results
Twenty-one fractures of 10 mature horses and 11 foals of various
breeds met the criteria for inclusion in the study (Table 1). The
study population contained 4 geldings, 8 intact males and 
9 females. Treated mature subjects had median age 7 years (range:
2–22 years) and median weight 335 kg (range: 130–560 kg).
Treated foals had median age 3 weeks (range: one day–40 weeks)
and median weight 70 kg (range: 22–180 kg). 
Preoperative fracture evaluation 
Twelve McIII and 9 MtIII fractures of 13 left limbs and 8 right
limbs were evaluated. The cause of the fracture was known in 
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7 horses. Five were kicking injuries (2 mature/3 foals) and 2 were
injured due to slipping on hard ground (2 foals). The other horses
were found with a broken leg in the stable (2 mature/3 foals) or on
pasture (2 mature/2 foals). In 5 horses the cause of fracture could
not be established (4 mature/one foal). Emergency management
was excellent or adequate in 10 horses (5 mature/5 foals) and
inadequate in 10 horses (5 mature/5 foals); in one foal the
emergency management was not recorded. Median between the
occurrence of the fracture and surgical repair was <24 h for
mature and 24 h (range: 12–48 h) in foals. The main fracture types
were simple transverse (33.3%) or simple oblique (28.6%) (Fig 1)
and 57.1% had additional fissures; 71.4% of the fractures were
open, 3 type I (one mature/2 foals) and 12 type II (7 mature/
5 foals) (Table 2). In 3 horses, fissure lines extended into one joint
(Cases 5, 6, 8).
Fracture repair
Fractures were repaired under general anaesthesia. Median surgery
time was 2.25 h (range: 1–3.5 h) in foals and 4.0 h (range: 
1.5–6.5 h) in mature individuals. Assessment of intraoperative
radiographs revealed excellent fracture reduction in 18 horses, and
moderate anatomical reduction (Angular limb deformity 1–5º) in 
3 horses (Cases 7, 11, 16).
Details on fracture repair, complications and outcome are
given in Table 3. In mature individuals double plate fixation using
4.5, 5.0 or 5.5 mm screws was the most commonly applied fixation
technique (6/10 horses). In 4 mature individuals external skeletal
fixation methods were used. In 3 cases a transfixation cast (TFC)
was used in combination with one DCP (Case 1), 5 lag screws
(Case 6) or without additional internal fixation (Case 8). In one
horse (Case 7) the fracture was stabilised with an AO External
Fixator type II and 2 lag screws.
In foals 3.5 mm screws with 3.5 mm plates (narrow or broad)
were predominantly used (9/11 cases). In 6 foals fractures were
TABLE 2: Localisation and fracture classification in 10 mature horses and 11 foals with complete diaphyseal McIII/MtIII fractures, which were repaired
surgically 
Fracture classification Soft tissue
Case Bone Configuration Displacement Additional fissures Skin Soft tissue swelling Emergency management
1 McIII Comminuted Severe Yes Closed Severe Adequate
2 McIII Oblique (s) Moderate No Type II Moderate Excellent
3 MtIII Transverse (s) Moderate No Closed Mild Inadequate
4* McIII Oblique (s) Severe Yes Type II Severe Excellent
5* MtIII Butterfly Moderate Yes Type II Severe Adequate
6* MtIII Butterfly Moderate Yes Type II Severe Inadequate
7* McIII Oblique (s) Severe No Type II Severe Inadequate
8* McIII Comminuted Slight Yes Type I Moderate Excellent
9* McIII Transverse (s) Moderate Yes Type II Moderate Inadequate
10* MtIII Oblique (s) Severe No Type II Severe Inadequate
11 MtIII Transverse (s) Severe No Closed Moderate Adequate
12 MtIII Spiral Moderate No Closed Mild Adequate
13 McIII Greenstick None Yes Closed Mild Adequate
14 McIII Transverse (s) Moderate No Type II Moderate Inadequate
15 MtIII Transverse (s) Slight Yes Type I Mild Inadequate
16 McIII Transverse (s) Slight No Type II Mild NR
17 MtIII Butterfly Slight Yes Type II Mild Inadequate
18 McIII Transverse (s) Moderate Yes Type II Moderate Excellent
19 McIII Butterfly Slight Yes Type I Moderate Inadequate
20 MtIII Oblique (s) Moderate Yes Closed Moderate Adequate
21* McIII Oblique (s) Slight No Type II Moderate Inadequate
*Unsuccessful outcome (fracture not healed); McIII = 3rd metacarpal bone; MtIII = 3rd metatarsal bone; (s) = simple fracture; Type I = open fracture with skin
laceration less than 1 cm; Type II = open fracture with large skin laceration but little actual tissue loss; NR = not recorded.
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fixed with 2 plates and in 5 foals with one plate using either
standard DCP technique (7 cases) or PC-Fix (4 cases).
Post operative fracture management
Anaesthetic recovery was uneventful in all horses; 18 were
recovered with a full limb splint bandage (4 foals) or full limb cast
(7 mature/7 foals). 
In 3 mature horses (Cases 2, 4, 5) hydropool recovery was
used without external coaptation. In these horses either a splint
bandage (one mature) or full limb cast (2 mature) was applied after
recovery. Four mature subjects remained in a sling for median time
7 days (range: 5–10 days).
External coaptation using full limb casts and/or splint
bandages were maintained for a median 17.5 days (range: 4–
49 days) and 23 days (range: 2–44 days), respectively. Post
operative antimicrobial treatments, mostly β-lactam combined
with an aminoglycoside, were administered for median 7 days
(range: 1–30 days). Post operative analgesia was mainly provided
by nonsteroidal anti-inflammatory drugs.
Radiographic evaluation of fracture healing
Twelve days: At the first radiographic assessment 12 days (range
9–14 days) after surgery the fracture line was still visible in all
cases. There was evidence of callus formation in one mature horse
(Case 8) and 2 foals (Cases 13, 17).
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Two months: For the second assessment of fracture healing
radiographs of 16 cases were available at a median 55 days after
surgery (range 34–60 days). In one foal (Case 13) the fracture line
was no longer visible 60 days after surgery. In all the other horses
the fracture line was still detectable on radiographs. All but 
3 horses (Cases 3, 9, 20) showed mild to moderate callus reaction
at the fracture site. 
Four months: The third assessment of fracture healing was made
from radiographs of 11 cases at median 120 days (range 90–150
days) after surgery. In 6 of 11 cases the fracture line was still
detectable. In the foal with the greenstick fracture (Case 13) the
fracture healed and no callus was visible on radiographs. In all the
other cases there was a mild to moderate callus formation at the
fracture site. In one foal with an incisional infection the callus
reaction was severe (Case 17). In 3 foals (Cases 14, 17, 19) there
was radiographic evidence of bone sequestration.
Over six months: Radiographs for long-term evaluation >6 months
post operatively (median, 17 months; range 7–66 months) were
available for 10 horses (3 mature, 7 foals). In all cases fracture
lines were no longer visible and there was evidence of bone
remodelling at the fracture site.
Complications
The median period for the development of serious clinical
TABLE 3: Fracture repair, complications and outcome of complete diaphyseal McIII/MtIII fractures in 10 mature horses and 11 foals 
Fracture repair Complications
Internal Clinical Implant Pathological Time in hospital
Case fixation Plate size Additional fixation complications problems bone reaction (days) Implant ex Outcome
1 1 DCP 4.5 TFC, cast, splint Osteopenia 57 Yes (186) Nonlame
2 1 DCP, 4.5 (broad) Cast, splint 2 broken screws 30 Yes (309) Nonlame
1 DCS
3 2 DCP 4.5 Cast 24 No Low grade
lameness
4* 1 DCP, 4.5 broad Cast, splint Infection Osteopenia, nonunion 61 No Euthanasia
1 LC-DCP
5* 2 LCP 4.5 broad Cast Infection 19 No Euthanasia
6* Lag screws TFC Lameness Bent pins, Unstable fixation, 15 No Euthanasia
bent screws
7* Lag screws Ext. fix., splint Lameness, Bent pins, Unstable fixation 40 No Euthanasia
laminitis bent screws
8* none TFC Lameness, infection, Bent pins Unstable fixation 35 No Euthanasia
laminitis
9* 2 PC-FIX 4.5 Cast, splint Broken screw, Delayed union, osteopenia, 44 No Euthanasia
screw pull out unstable fixation
10* 2 DCP 4.5 broad Cast Infection Osteomyelitis 1 Euthanasia
11 2 PC-FIX 4.5 broad Cast, splint 28 No Nonlame
12 2 PC-FIX 3.5 Cast, splint Infection Lysis around screws, 69 Yes (147) Nonlame
valgus deformity
13 2 DCP 3.5 VS Splint 14 Yes (131) Nonlame
14 2 DCP 3.5 VS Cast Lysis around screw, sequester 30 Yes (NR) Nonlame
15 1 DCP 3.5 VS Splint Loose screw delayed union 36 Yes (182) Nonlame
(screw in fracture gap)
16 1 DCP 3.5 VS TFC, splint 46 Yes (121) Nonlame
17 2 DCP 3.5 VS Cast Infection Sequester 45 Yes (185) Nonlame
18 2 DCP 3.5 VS Cast 11 Yes (98) Nonlame
19 1 PC-FIX 3.5 broad Splint Loose screw Sequester, delayed union 31 Yes (112) Nonlame
20 1 DCP 3.5 VS Cast, splint 17 NR Lost to follow-up
21* 1 PC-FIX 4.5 broad Splint Infection Lysis around screw, 13 No Euthanasia
osteomyelitis
*Unsuccessful outcome (fracture not healed); PC-FIX = point contact fixator plate; DCP = dynamic compression plate; LC-DCP = low contact dynamic
compression plate; DCS = dynamic condylar screw plate; Plate size: numbers alone = narrow standard size; 3.5 VS = broad 3.5 plate (Veterinary Special); 
TFC = transfixation cast; Ext. fix. = AO external fixator type II, Splint = full limb splint bandage.
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complications associated with fracture repair, such as infection,
instability, nonweightbearing lameness, or laminitis was 12 days
(range 1–29 days). Eight horses (7 mature/one foal) had to be
subjected to euthanasia after median hospitalisation 27 days (range
2–61 days). Median bodyweight was 350 kg (range: 210–560 kg)
for mature individuals and 100 kg for the foal. The main reasons
for euthanasia were instable fracture repair (4 mature), infection 
(2 mature, one foal) and laminitis (2 mature).
Incisional infection: Eight horses (4 mature/4 foals) developed an
incisional infection after surgery, 7 had an open type II fracture and
one a closed fracture. Management of incisional drainage included
i.v. administration and, in selected cases, regional perfusion of
antimicrobial drugs, establishment of effective drainage from the
surgical site and repeated flushing with broad-spectrum
antimicrobial agents and disinfectants. This treatment was
successful in 2 foals.
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Osteomyelitis: In 2 horses (one mature/one foal) an incisional
infection emerged into an osteomyelitis. Both animals were
subjected to euthanasia.
Laminitis: Onset of laminitis of the contralateral forelimb occurred
in 2 mature subjects with bodyweight 560 kg and 350 kg, at 11 days
and 29 days after surgery, respectively. Both horses were subjected
to euthanasia.
Implant failures: Instability of the fracture repair due to implant
failure was evident in 4 mature individuals and this was always
associated with an unsuccessful outcome. In one horse (Case 9) the
fracture became unstable 44 days post operatively after multiple
screws failed due to pull out or broke. In the other 3 cases external
fixation methods were used for fracture repair and implant failures
included bent pins and screws. These horses were subjected to
euthanasia 15 days (Case 6), 40 days (Case 7) and 
Fig 1: Typical radiographic appearance and frequency of fracture configurations of 21 McIII/MtIII fractures in 10 mature horses and 
11 foals. a) transverse fractures: 33.3%; b) oblique fractures: 28.6%; c) butterfly fractures: 19.0%; d) comminuted fractures: 9.5%; e) greenstick fracture:
4.8%; f) spiralling fracture: 4.8%.
a) b) c) d) e) f)
Fig 2: Type II open, oblique McIII fracture in a 20-year-old Warmblood horse (Case 4) that was repaired with a 3.5 mm lag screw across the fracture and
one broad DCP and one broad LC-DCP and 24 cortical screws (5.5 and 4.5). The horse had to be subjected to euthanasia 2 months post operatively because
of implant infection unresponsive to treatment and no signs of callus formation at the fracture site.
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35 days (Case 8) after surgery, respectively. Two broken screws
not affecting the stability of the fracture fixation were noted at
implant removal in Case 2 (Fig 4).
Implant failure in foals was limited to 2 loose screws (Cases 15,
19), which did not affect the stability of the fracture repair.
Pathological bone reaction: Pathological bone reaction diagnosed
radiographically was seen in 10 horses (4 mature/6 foals). 
Delayed fracture union was noted in 3 horses (one mature/
2 foals). In the mature horse (Case 9) this was related to instability
of the fracture repair; and in the foals (Cases 15, 19) with loose
screws within or adjacent to the main fracture line. Nonfracture
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union was seen in one mature horse (Case 4) with an incisional
infection unresponsive to treatment. Despite of rigid fixation 
(Fig 2) no signs of healing were detected 2 months after surgery. 
Lysis around screws was seen in 3 foals (Cases 12, 14, 21). In
Case 21 this was associated with osteomyelitis and unsuccessful
outcome. 
In 3 foals (Cases 14, 17, 19) with open fractures bone sequesters
were identified near the fracture site during bone healing. In all
cases, the sequesters were removed surgically at implant removal.
Three horses (all mature) had radiographic evidence of
osteopenia in the distal limb. Early radiographic indication of
osteopenia was a punctuate or granular appearance at the proximal
Fig 3: Comminuted diaphyseal McIII fracture in a 9-year-old pony (Case 1) that was repaired with multiple lag screws, a dorsally applied 11-hole narrow
4.5 DCP and 4.5 cortical screws. A transfixation cast was maintained for 5 weeks. Six weeks post operatively the pony was weightbearing comfortably
without additional external stabilisation. Note the granular appearance of the proximal sesamoid bones, distal McIII and proximal P1 indicating osteopenia.
Fig 4: Closed, oblique diaphyseal McIII fracture in a 10-year-old Icelandic Horse (Case 2) that was repaired with a narrow 4.5 DCP and a DCS plate.
Three months post operatively the fracture line is still clearly visible. Radiographs after implant removal (13 months post operatively) demonstrate
complete fracture healing. The 2 most distal screws of the dorsal plate were broken and complete removal was impossible.
1 month 3 months 12 months 13 months
10 days 6 weeks
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sesamoid bones when compared to initial radiographs. In Case 1
this was associated with the use of a TFC (Fig 3), in Case 9 with a
delayed union and in Case 4 with a nonunion fracture.
Implant removal
Implant removal was carried out in 10 horses (2 mature, 8 foals) at
median 147 days (range 98–309) after fracture repair (Figs 4, 5). In
one mature pony (Case 3) the implants were not removed for
economic reasons despite a chronic low grade lameness. One foal
(Case 11) was nonlame and implants were not removed and in one
foal (Case 20) information on implant removal was not available.
Long-term outcome 
Overall, 13 horses (61.9%; 3 mature/10 foals) survived and were
discharged after a median hospitalisation time of 30 days (range
11–69 days). The mature subjects had median bodyweight 180 kg
(range 130–320 kg) and foals 68 kg (range 22–180 kg).
Twelve owners could be contacted for the telephone
questionnaire (median, 53 months; range 8–164 months): Eleven
horses (2 mature/9 foals) were fit for intended activity and one
mature pony (Case 3) had a low grade lameness at a high speed
trot. In one foal (Case 20) no follow-up information was available
because it was sold. 
There was no difference in survival between horses with
inadequate or adequate/excellent emergency management, simple or
complex fractures, McIII or MtIII, single or double plating, PC-Fix
or DCP, post operative immobilisation with a splint bandage or 
cast. Significant associations were found between survival and
bodyweight (P<0.05). Foals had a higher survival rate than mature
horses (91% vs. 30%; P<0.01). Closed fracture (100% survived) had
a significantly better outcome than open fractures (47%). Survival
rate of horses with open fractures was significantly (P<0.05) higher
in foals (6/7; 85.7%) than in mature subjects (1/8; 12.5%).
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In 5 horses (4 mature/one foal) external fixation methods were
used. Both horses (one mature/one foal) in which bone plates
were used, in addition to TFC, survived. The use of external
fixation methods (3 mature with open fractures) with or without
additional lag screws across the fracture never resulted in
successful outcome.
Discussion
Twenty-one complete diaphyseal McIII/MtIII fractures repaired
surgically were followed up and, in 62% (3 mature/10 foals), the
fracture healed. In a previous study, including 25 horses from 
2 teaching hospitals over a 17 year period, treated with internal
fixation, external coaptation or both an overall success rate of 67%
was achieved (McClure et al. 1998). A more recent study presented
a 76% success rate for internal fixation of axially unstable
McIII/MtIII fractures using dynamic compression plating
(Beinlich and Bramlage 2002). 
In all 3 studies, successful treatment was defined as clinical
and radiological evidence of fracture healing at discharge from the
hospital. In the long-term follow-up ‘sound for intended use’ was
considered to be a positive outcome, which was described as
guarded in the study of Beinlich and Bramlage (2002). A positive
long-term outcome was achieved in 69% (11/16 horses) in the
study of McClure et al. (1998) and in 85% (11/13 horses) in the
present study. The direct comparison of the long-term success rate
should be interpreted with caution because case details of the study
population may not be comparable. In the Texas A&M and Purdue
study (McClure et al. 1998), Quarter Horses accounted for 48% of
the population and racehorses or other performance horses were
not included. In contrast, one third of the Ohio State University and
Rood & Riddle Equine hospital cases (Beinlich and Bramlage
2002) were race horses. The present study included a variety of
breeds, predominantly pleasure horses in the mature group, but
also 2 Thoroughbreds and other performance horses in the foal
Fig 5: Type II open, butterfly fracture of the McIII in a 2-month-old Warmblood foal (Case 17) that was repaired with 2 broad 3.5 mm DCP (Veterinary
Special). Due to infection bone healing was delayed with evidence of bone sequestration and osteomyelitis. Infection was managed successfully with
repeated flushing and regional limb perfusion with antibiotic drugs. The plate was removed 6 months post operatively and the foal made a full recovery.
3 days 1 month 2 months 3 months 6 months
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group. This is encouraging because most of the surviving foals
could be used for their intended activity.
Median age and bodyweight appear to be similar in all 
3 studies, although Beinlich’s (2002) data did not include the
bodyweight of the horses. More than half of the horse population
in the present (52%) and in Beinlich’s study (57%) were aged 
≤1 year and the median age range was 2–12 months in the third
study (McClure et al. 1998). Similar to the present results,
increased age was identified as a contributing factor for decreased
prognosis (Beinlich and Bramlage 2002). Surprisingly, this was
not confirmed by the study of McClure et al. (1998).
Significant associations were found in the present study
between survival rate and bodyweight. Although there are case
reports of successful surgical treatment of complete McIII/MtIII
fractures in mature horses up to 500 kg (Orsini and Nunamaker
1988; Herthel et al. 1996), increased bodyweight remains one of
the major challenges for repair of complete cannon bone fractures
in horses. The bodyweight of the largest surviving horse in the
present study was 320 kg, and for the other 2 case series this
information was not available. Important complications associated
with increased bodyweight are laminitis in the controlateral limb
(McClure et al. 1998) and instability of fracture repair. Compared
to foals and ponies, large horses are also less agile in dealing with
a partially disabled limb (Bramlage 1983), increasing the
mechanical stress on the fracture repair.
Case selection is very important in fracture repair in horses. In
mature sports horses treatment was neither attempted in highly
comminuted high-energy fractures as seen in racehorses or other
athletic horses, nor in open type III fractures (open, contaminated
fracture with severe tissue loss), because of poor prognosis for
regaining athletic performance. 
The majority of the treated fractures in this case series were
simple transverse or oblique, but prevalence of open McIII/MtIII
fractures was high (71.4%), which was slightly higher than
previously reported (68%) (McClure 1998). This is not unexpected,
because McIII/MtIIIs are only covered by skin and tendons, not by
muscle tissue, therefore the skin is often traumatised during fracture
generation or, subsequently, by the sharp fracture ends and
contamination of the fracture may ensue resulting in infection
(Bramlage 1983; Schneider and Jackman 1996). 
However, Beinlich and Bramlage (2002) reported a much lower
prevalence (35.7%) of open fractures (15 out of 42 axially unstable
McIII/MtIII fractures), which could be explained by the
predominance of other fracture configurations not included in the
above mentioned studies, e.g. spiralling fractures originating from
the condyles. The overall success rate of the treatment of open
fractures was much lower in the present case series (46.7%)
compared to the other 2 studies, 60% (Beinlich and Bramlage 2002)
and 64.7% (McClure et al. 1998). However, there was a significant
difference between foals (85.7%) and mature individuals (12.5%).
In this case series the poor outcome in the latter may be partly
related to unstable fixation of the open fractures using external
fixation technique instead of more rigid double plating.
As previously reported, the most common complication was
incisional infection or drainage: 18% (Beinlich and Bramlage
2002), 64% (McClure et al. 1998) and 33% in the present case
series. However, the fact that from 7 horses (4 mature/3 foals) with
incisional infections only 2 foals survived warrants a closer look to
the management of post operative infections. 
Once infection was confirmed, an effective drainage was
established and the fracture site was flushed daily with an
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antiseptic solution. In most of the cases a 0.2% solution of
polyhexanide (Lavasept)2 was used, which was a recommended
antiseptic solution at the time because of a lower tissue toxicity
compared to chlorhexidine and povidone iodine (Kalteis et al.
2003). However, recent research suggests that the use of saline in
combination with selected antimicrobial drugs is less toxic than
antiseptics, but more effective in reducing bacterial numbers in
infected wounds (Hendrickson 2006).
Routine bacteriological culture and sensitivity of intraoperatively
obtained samples may have helped to detect inappropriate choice of
antimicrobial earlier and regional limb perfusion immediately post
operatively should maximise the concentration of antimicrobial drugs
at the surgical site (Schneider 2006). Management of infected
fractures could have been improved further by using antibiotic
impregnated plaster of Paris or polymethylmethacrylate beads that
can maintain an effective antibiotic concentration at the surgical site
for many weeks (Ethell et al. 2000).  
The most important aspect of emergency management is to
stabilise the fractured limb in anatomically normal position, to
calm the horse and minimise damage to bone and soft tissue. Most
cases in this study had moderate to severe soft tissue swelling at
arrival and in almost 50% of the cases the stabilisation of the limb
was inadequate, where as in McClure’s study (1998) 72% of the
cases had a rigid coaptation applied. It is widely accepted that
integrity of soft tissue is critical for fracture healing and that
inadequate stabilisation of complete diaphyseal McIII or MtIII
fractures would further traumatise the soft tissues during transport.
Low case numbers and other confounding factors, such as fracture
configuration and fracture repair technique, may be the reason why
no significant association was found between outcome and
emergency management or soft tissue swelling, but there was
concern regarding the high percentage of poor emergency
management administered to the study population. McIII/MtIII
fractures are relatively easy to immobilise and more efforts are
needed to improve the quality of emergency management for
referral of fracture cases.
The success rate of McIII/MtIII fractures in horses treated with
transfixation casts (Lescun et al. 2007) was similar (67%) to that
reported by McClure et al. (1998) using predominantly internal
fixation techniques. Therefore, external fixation technique alone or
in combination with lag screws was recommended for open
McIII/MtIII fractures (Lescun et al. 2007). This approach was used
in the present study in 3 mature horses with open fractures in the
early years of the study period, but all cases were subjected to
euthanasia because of problems with the pins resulting in fracture
instability and severe lameness. In our study, transfixation casting
was only successful when combined with bone plating.
Rigid fixation of a longbone fracture in the horse requires
accurate anatomical alignment and the application of one or 
2 plates. In foals and ponies the thickness and the width of the
plates had to be as small as possible, to allow skin closure over the
implants. The broad 3.5 DCP (Veterinary Special)1 was preferred
over the narrow 4.5 DCP for 2 reasons: firstly, the broad 3.5 DCP,
has identical plate stock dimensions as the 4.5 DCP with 3.5 mm
screw hole dimension, has a larger area moment of inertia due to
smaller screw holes, which causes approximately 28% higher
bending stiffness when compared to the narrow 4.5 DCP (Brinker
et al. 1985); secondly, the holes are closer together (hole space:
narrow 4.5 DCP = 18 mm, 3.5 mm broad DCP = 12 mm) allowing
the placement of more screws, which was an advantage for
treatment of fractures in the proximal or distal diaphysis. The 
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4.5 screw is obviously stronger than the 3.5 screw, but the 3.5 mm
DCP construct was used in 7 foals with bodyweight 22–150 kg and
no bending or breakage of screws was recorded.
From all 6 mature horses in which the fracture was stabilised
by double plating, the only fracture instability was recorded when
using the PC-Fix with monocortical screws in a mature pony of
300 kg bodyweight. In all the other cases, bicortical screws were
used and stable fixation achieved in a 550 kg and 500 kg horse
using LC-DCP or LCP technique, respectively. However, in mature
individuals there was too low a number of cases for a meaningful
comparison between the different implants.
Typically, long bone fractures are expected to heal within
about 4 months in mature horses, and 3 months in foals (Markel
and Lopez 2006). The quickest fracture repair was seen in one foal
with a greenstick fracture, where the fracture was healed at 
2 months. However, 4 months post operatively fracture lines were
still visible in 6 of 11 horses, which suggests that bone healing in
complete McIII/MtIII fractures may be slower than in other equine
long bones. Possible causes could be relatively poor blood supply
of the cannon bone and high prevalence of open fractures. 
In 3 mature individuals, with open fractures, post anaesthetic
hydropool recovery was performed. One horse survived and 
2 were subjected to euthanasia because of infection. A hydropool
system minimises the risk of self-inflicted trauma during recovery
from anaesthesia, but with the system used in the present study, a
total prevention of exposure of the surgical site to water was
impossible. Bacterial contamination was minimised by passing the
water through an ultraviolet filter and by protecting the incision
with cyanoacrylate (superglue), an Ioban incise drape3 and
multiple layers of elastic adhesive tape. It remains unclear if the 
2 horses acquired the infection in the hydropool or at fracture
occurrence. It was noted that the bandages post pool recovery were
dry and therefore the infection was probably not acquired in the
pool. In this study, general anaesthetic recovery was uneventful in
all cases, hence the need for pool recovery remains questionable.
Nevertheless it has to be considered that mean bodyweights of the
cases included in the study were relatively low. In the authors’
opinion, pool recovery of horses with internal fixation of
McIII/MtIII fractures can be beneficial for those too large for hand
assisted recovery and if a transfixation cast is not needed to
provide additional stabilisation.
In conclusion, complete diaphyseal McIII/MtIII fractures in
horses can be repaired successfully using internal fixation
techniques with plates and screws. The outcome is strongly
associated with age (foal vs. mature), bodyweight and the presence
of and ability to manage infection.
Manufacturers’ addresses
1Synthes, Solothurn, Switzerland.
2Fresenius Kabi, Bad Homburg, Germany.
33M Health Care, St Paul, Minnesota, USA.
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